In assessing radiation detriments, quantitative estimates are based on the assumption of proportionality between the risk of stochastic radiation effects (cancer and genetic harm) and the amount of energy absorbed per unit mass of the organ or tissue of interest, the absorbed dose of radiation. The unit of this quantity is the gray (1 Gy = 1 joule/kg) but used to be the rad (1 rad = 0.01 Gy).
The absorbed dose in a tissue may be caused by irradiation from radiation sources outside the body (external exposure) or by radioactive substances inside the body (internal exposure). Often the irradiation is due to both external and internal exposures, and the absorbed doses caused by each of these exposures must be added to give the total absorbed dose in the organ or tissue of interest.
If the body is exposed to mutagenic or carcinogenic substances, the situation is in many respects similar to the case of internal exposure from radioactive substances, while external exposure has no equivalence.
If an insoluble radioactive substance (j) is inhaled, it will remain in the lungs and irradiate these until it has either decayed completely or has been removed mechanically. If it is ingested, it will irradiate the stomach and intestinal walls while passing through the body. is absorbed from the gastrointestinal tract and reaches the blood. The absorbed dose in the various tissues to which the absorbed material is transported will depend upon the chemical and nuclear characteristics of the substance. In some cases, the substance may be chemically decomposed or transformed. For each substance (j), the part of the inhaled or ingested quantity (au and a8j) which will reach the blood will be fuau and f1aj, respectively.
The absorbed dose in any one organ or tissue k is proportional to the amount which reaches the blood, and we may call the proportionality factor gjk. The absorbed dose from substance j in organ k of an individual i may therefore be calculated as DJk = gUk (fiUaiU + f8ua8u) Also the organ factors gU may differ, for the same reasons.
Exactly the same expressions should be valid for carcinogenic substances. It may be said that this is a great oversimplification, but most objections would seem to be equally valid in respect to the assessment of radiation risk. Any substance which is inhaled or ingested will either remain in the lungs, pass through the gastrointestinal tract or be partially absorbed into the blood and transported to various tissues. The quantity that would correspond to the absorbed dose of radiation as the basis for risk assessment would be the time integral of the local tissue concentration of the carcinogenic substance (which may not be identical to the substance inhaled or ingested).
For illustration, let us consider the simple case when the lungs are the critical organ and inhalation is the only mode of entry of the substance into the body. The risk of lung cancer to individual i would then simply be Ril= Erilgijla j The use of one and the same risk factor ril for all substances j is possible only if the organ factors gjj for the lungs will transform the intakes alij to "doses" which are additive. This is the case for radioactive substances if the organ factors include the weighting for different relative biological effectiveness (RBE) between, for example, a-and ,X-emitting radionuclides. It would also be true for carcinogenic substances if the concentration time integrals were weighted for the relative biological effectiveness of the different carcinogenic substances, e.g., by expressing the "dose" in radequivalents as suggested by Ehrenberg (1, 2) .
In both cases, the organ factors gjl would need to include a consideration of the mean retention time in the lungs, and it would need to be decided whether to assess the maximum dose or the dose averaged over the whole of the lungs. This choice is arbitrary but will influence the subsequent choice of value for the risk factor.
If the assessment is made forjust one substancej, the weighting for RBE is not necessary if the risk factor ril has been determined for that particular substance. The risk to individual i may be assessed as
In assessments of radiation risks, the absorbed dose is usually calculated and the risk is assessed as Rij =rU1Djjl.
However, the risk may equally well be determined from the inhaled amount alij and can be expressed as
Ri; = hijlalij (with hul = rilgi,l). This is in fact what is usually done in the case of exposure to radon daughter products, when the amount inhaled rather than the actual absorbed dose is used as the basis for the risk assessment. In practice, this method is preferable in any assessment of lung cancer risk from carcinogenic substances. The calculation of a tissue "dose" is needed only when there is both ingestion and inhalation and may even then be avoided by appropriate weighting of the intakes through the two modes of entry. If the risk is assessed directly from the intake, the problem is reduced to the assessment of the intake. The intake a(T) accumulated over the time T can be calculated from the concentration c(t) of the substance in the inhaled air: a(r) = a f c(t) dt = cxIc(r)
In this expression a is a proportionality factor which measures the amount of air inhaled per unit time. The air concentration integral 1,(r) is therefore an indirect measure of the "dose" and of the risk. In radiation risk assessments of exposure to radon daughter products, the concentration of these in the air is often given in terms of "working levels" (WL) and the concentration integral in terms of "working level months" (WLM). For carcinogenic substances, the unit of the concentration integral would be kg-sec/m3, or appropriate denominations thereof.
Risk assessments may serve two purposes: to give a measure of the risk to the individual at a given location and to indicate the total detriment from a given practice, e.g., per unit practice such as the production of 1 MW-year of electric energy.
For the first purpose, the concentration time integral over a lifetime or over each year, in air at the point of interest, will suffice. For the second purpose, however, a collective quantity needs to be calculated. The detriment from a given practice may be defined as the mathematical expectation of harm after some suitable weighting for the severity of the effect in different types of harm. If there is only one type of harm, as would be the case if we were only interested in the risk of lung cancer from exposure of the lungs, the detriment is simply the mathematical expectation of the number of cases of lung cancer (if we neglect the different severity in effect due to different age with different loss of years).
If the individual risk is Ri, the detriment would be where tbi is the time of birth and tdi is the time of death of the ith individual (latency periods of cancer induction being neglected). In order to calculate the total detriment, all these individual risks must be added within each subgroup n, over infinite time (or, in practice, over the time period of pollution). However, the same result will be obtained if the concentration integral over infinite time is calculated for each subgroup n, without any consideration of individuals, and the total detriment is assessed as W = ha I Icn (oo) Nn n the implication being a stable population of Nn individuals in each subgroup n over all future years. This latter condition is not likely to be valid if the pollution is local, but may be approximately true for global contamination.
The terms aI,n (oo) Nn may be called the collective intake commitments for the various subgroups n, and ay-n In (a) Nn is the total collective intake commitment, the unit of which is simply the mass unit.
The first conclusion-as would be expected-is that the total detriment of the practice is proportional to the total amount of the carcinogenic substance which will ever be inhaled by humans, irrespective of when or where.
This may seem to be a rather obvious outcome of an unnecessarily involved calculation. The valuable conclusion, however, is that the case of exposure to carcinogenic substances and the assumptions needed for detriment assessments are not basically different from the situation and assumptions when radiation detriment is assessed. In fact, if one follows the necessary chain of calculations, step by step, they prove to be virtually identical in the two cases as far as formulation is concerned. It is therefore strongly recommended that those who assess risk from chemical pollutants should familiarize themselves with the assumptions and methods used in radiation detriment assessments, particularly with respect to assessment of "dose commitments" and of the total "collective dose" per unit practice (3, 4). The quantification of radiation risks and the account of total future pollution has made the radiation detriments obvious to the public but has caused a lack of balance in the appreciation of other risks. There is little excuse for not attempting to make similar assessments for nonradioactive pollutants. This is in line with a recommendation from a group of scientists associated with the United Nations Scientific Committee on the Effects of Atomic Radiation, in a contribution to the 1972 UN Conference on the Human Environment (5).
